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Description 

FIELD OF THF INVFNTION 



s The present invention relates to a complex metal oxide powder comprising at least two metal elements which is 
used as a raw material powder of an oxide ceramic that is used as a functional material or a structural material which 

ZHH^i^f 518,6 88 8 ,Bler W 8 P 19 " 1 "*' " wWch fe as a «" material P"** *» the production of a 
single crystal or for flame spray coating, and a method tor the production thereof. 

io PRIOR ART 

In general, an oxide ceramic which is used as a functional material or a structural material is produced through a 
moldingstep and a calcination step from a metal oxide powder as a raw material. Properties of the metal oxide powder 
to be used as the raw material have a large influence on the production steps, and functions and physical properties of 
is the ceramic product. Then, it is highly desired to provide a complex metal oxide powder having powder propertes which 
are precisely controlled so that they are suitable for an intended application. 

^J^ 6 " ! t me ^ 0Xide ^ a i8USedina dis P ersed state such as a magnetic fine powder, a filler or a pigment, since 
properties of each particle are reflected directly on the dispersed state, the control of the properties of fte^deTS 
more important. 

The required properties of the complex metal oxide powder vary with a kind and application form of the metal oxide 
^rr^y required properties are a uniform particle size of the metal oxide powder, that is. a narrow particle size <fe- 
tribution, and a weak bond among primary particles, that is. less agglomeration and good dispersibiBty. 
mi JZ^fT^ ^i"™ aame t is. in a narrow sense, a complex metal oxide represented by the general for- 
r^3!«KL 5 12 - !L? H includes a "^ex metal oxide in which a part of yttrium elements are 

r^teced by cenum. neodymium. terbium, and the like. The yttrium-aluminum garnet is useful as a mother material in 
optoelectronics. For instance, single crystal yttrium-aluminum garnet in which a part of the yttrium element is replaced 
^""^™ « "sed as a laser oscillator material, and crystalline particles of the yttrium-aluminum garnet in which a 
part of the yttrium element is replaced by cerium or terbium are used as a fluorescent substance, and so on 

etemem-iron garnet (R3Fe50 12 wherein R is a rare earth element) which is represented by yttrium-iron 
garnet CW^a). or a garnet in which a part of the rare earth element and/or iron is replaced by another metal is use- 
ful as a magnetic material for microwave applications, or a material of a part which uses a magnet-optical effect 
mof , S ^°^° n * metal com P° unds - ** example, a solid solution of zirconium oxide and an oxide of at least one 
metal selected from yttrium, magnesium, calcium, cerium and rare earth elements such as scandium and ytterbium is 
„ "*f". to be "sed « a high temperature resistant material, an ion conductive material, a piezoelectric 

35 matenal. etc. Further, it is used as a raw material of a sintered material or flame spray coating 

m J H *' er ^' th ^ e ~7>^metal oxides are produced by a liquid phase method, a solid phase method, a gas phase 
method, a hydrothermal synthesis method, a flux method, and the ike. The produced metal oxide powders have some 
proWemssuch as formation of agglomerates, a wide particle size distribution of the intended product, removal of imou- 
40 ZT^ltT *"* ^ ^ necessari, V satisfactory. Further, the above production mettv 

^ ^ S Ud " 19 reaCti0n COndrti ° nS ^ 85 ^^ed procedures and difficult control. 
c^riS^^f; 00515 T ^^l*? 50 °"- been desired to develop a corrplex metal oxide 
^.'f 5 a 99k>merated particles and have a narrow particle size distribution, and to develop a 
method tor producing such complex metal oxide powder generally and advantageously in an industrial production. 

« SUMMARY OF THE INVENTION 

cont^^^lLT^! ,me "! m * 10 PfWWe 3 meteI CKide "WP^W at least two metal element wfrich 

contains less agglomerated particles and has a narrow particle size distribution and a uniform particle shape, and is 

r^r^^ a ? a ^ 0 ^ eP0Wdeft0beUSedaSarawmaterial P^erofanoxide ceramic that isTed as a 
functional material or a structural material, a metal oxide powder to be used in a dispersed state as a filler or a pigment 
ora^metal ox.de powder to be used as a raw material powder for the production of a single crystal or for flame spray 

/^L 06 *** d |*f P r fent invention is to provide a production method which can be generally employed in the 
production of such metal oxide powder and is excellent industrially. 

. J^ a J, eSuH * ** a ex, *^« study on the complex metal oxide powders, it has been found that, when a raw material 
^Jf!S k ^^ K , atmos P here **• 108 *"» described complex metal oxide comprising at least two metal ele- 
ments which corrta>nsless agglomerated particles and has a narrow particle size distribution and a uniform particle 
shape is obtained, and that such method can be employed generally in the production of various metal oxide powders 
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which are excellent industrially, and the present invention has been completed after further investigations. 

That is, according to a f irst aspect of the present invention, there is provided a complex metal oxide powder com- 
prising at least two metal elements, which comprises polyhedral particles each having at least 6 planes, a number aver- 
age particle size of from 0.1 to 500 jim, and a D9o/D 10 ratio of 10 or less where D 10 and D90 are particle sizes at 10 % 
5 and 90 % accumulation, respectively from the smallest particle size side in a cumulative particle size curve of the par- 
ticles. 

According to a second aspect of the present invention, there is provided an yttrium-aluminum garnet powder com- 
prising polyhedral particles each having at least 6 planes, and an average particle size of 20 to 500 jim. 

According to a third aspect of the present invention, there is provided a method for producing a complex metal oxide 
10 powder comprising at least two metal elements, which method comprises calcining a mixture of at least two metal oxide 
powders and/or metal oxide precursor powders, or a metal oxide precursor powder comprising at least two metal ele- 
ments in the presence or absence of a seed crystal in an atmosphere containing at least one gas selected from the 
group consisting of (1) a hydrogen halide, (2) a component prepared from a molecular halogen and steam and (3) a 
molecular halogen. 

is 

PRIEF DESCRIPTION QF THE PRAWINGS 

Fig. 1 is a scanning electron microscopic photograph (x 172) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 1 , 
20 Fig. 2 is a graph showing a particle size distribution of the yttrium-aluminum garnet powder of Example 1 , 
Fig. 3 is an X-ray cfiffraction pattern of the yttrium-aluminum garnet powder of Example 1 , 
Fig. 4 is a scanning electron microscopic photograph (x 172) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 2, 

Fig. 5 is a graph showing a particle size distribution of the yttrium-aluminum garnet powder of Example 2, 
25 Fig. 6 is an X-ray Effraction pattern of the yttrium-aluminum garnet powder of Example 2, 

Fig. 7 is a scanning electron microscopic photograph (x 3000) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 4, 

Fig. 8 is a scanning electron microscopic photograph (x 850) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 5, 
30 Fig. 9 is a scanning electron microscopic photograph (x 850) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 6, 

Fig. 10 is a scanning electron microscopic photograph (x 850) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 10, 

Fig. 1 1 is a scanning electron microscopic photograph (x 425) showing a particle structure of a dysprosium-substi- 
35 tuted yttrium-aluminum garnet powder observed in Example 12, 

Fig. 12 is a scanning electron microscopic photograph (x 1720) showing a particle structure of an oxide powder 
observed in Comparative Example 1, 

Fig. 13 is a graph showing a particle size cfistrftxrtion of the oxide powder observed in Comparative Example 1, 
Fig. 14 is a scanning electron microscopic photograph (x 425) showing a particle structure of a dysprosium-alumi- 
40 num garnet powder observed in Example 1 6, 

Fig. 15 is a scanning electron microscopic photograph (x 4250) showing a particle structure of an oxide powder 
observed in Comparative Example 5, 

Fig. 1 6 is a scanning electron microscopic photograph (x 425) showing a particle structure of an yttrium-iron garnet 
powder observed in Example 17, 
45 Fig. 17 is a scanning electron microscopic photograph (x 1720) showing a particle structure of an oxide powder 
observed in Comparative Example 6, 

Fig. 1 8 is a scanning electron microscopic photograph (x 850) showing a particle structure of a gadolinium-iron gar- 
net powder observed in Example 1 8, 

Fig. 19 is a scanning electron microscopic photograph (x 4250) showing a particle structure of an oxide powder 
so observed in Comparative Example 7, 

Fig. 20 is a scanning electron microscopic photograph (x 8500) showing a particle structure of a powder of a solid 
solution of yttrium oxide and zirconium oxide observed in Example 20, and 

Fig. 21 is a scanning electron microscopic photograph (x 4250) showing a particle structure of a powder of a solid 
solution of yttrium oxide and zirconium oxide observed in Comparative Example 9. 

55 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention will be explained in detail. 
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The complex metal oxide powder of the present invention comprises at least two metal elements and is a com- 

? ^, m ^' e '^ ente ^ 0Xy9en 71,6 conip,ex metal ««• P^r comprising at least two metal 
elements includes a metal ox.de sol.d solution powder containing at least two compounds each comprising a metal ele- 
ment and oxygen in a solid solution state. 

The method of the present invention produces a complex metal oxide by calcining a mixture of at least two metal 
oxide powders and/or metal oxide precursor powders, or a metal oxide precursor comprising at least two metal ele- 
ments in the presence or absence of a seed crystal in an atmosphere containing at least one gas selected from the 
group cons.st.ng of (1) a hydrogen halide. (2) a component prepared from a molecular halogen^nd steam^XH 
molecular halogen. 

When the complex metal oxide powder comprising at least two metal elements is produced by the method of the 
present .nventon, a mixture of at least two metal oxide powders and/or metal oxide precursor powders, or a metal oxide 
precursor powder comprising at least two metal elements is used as a raw material powder 

The metal oxrie precursor is intended to mean a material which gives the metal oxide consisting of at least one 

^TtS^ "5 0X *?!? by _! decomposition reacBon « a" oxidation reaction in catenation, and includes, for exam- 
ple, metal hydroxides, hydrated metal oxides, metal oxyhydroxide. metal oxyhalides, and so on 

A se«J crystal which may be used in the present invention is intended to mean a crystal which functions as a grow- 
^ ^L Jl 0 ^?™? ° ,theme1al OXide - Around me seed crystal, the metal oxide grows. Any seed crystal can 
be used insofar as rt has the functoon. For example, the complex metal oxide or the metal oxide solid solution as the 
product, rs preferred. 

There is no imitation on a manner for adding the seed crystal to the raw material powder. For example a mixing 
manner such as ball milling, ultrasonic dispersing, and the like can be used. 

«~ 31 ,SaSt tWO melal oxWe P° wderc metal oxide precursor powder disclosed as the raw materials 

™^.^ r5 ^P° wdef comprising at least two metal elements disclosed as the raw material, and those raw 
rnate^to whwh the seed crystal is added are generally named as the raw material metal oxide powder 
cJZ S 6 !^ 0 ^ 6 P °" der COmprisin9 a* "east two metal elements according to the present invention rs a 
complex metal oxide which comprises at least two metal elements except a combination of only alkali metals and oxy- 
^!„7Sr?^ """"^ 31 least two compounds each comprising a metal element and oxygen We 

r^l^l example 01 8U * complex metel oxWe powder is a complex metal oxide having a 

garnet structure represented by the formula: ^ 

(Ma)3(Mb)2KMc)0413 (l) 

wherein M B and M c are the same or different and each represent at least one metal element, provided that all of 
M A , M B and Mq are not the same metal element. 

^ements (eg scandium, yttnum and lanthanum), bismuth and manganese, and M B and M~ are the 
same or drfferent and each at least one element selected from the group consisting of zinc, scandium, aluminum, gal- 
lium indium, trtanium. zirconium, silicon, germanium, tin. vanadium, chromium, manganese, iron, cobalt and nickel 
40 1^ ln 50,116 cases - compounds do not have the garnet structure due to ionic radii of the metal elements M A , M B and 

More specifically, there are exemplified aluminum garnets such as a complex metal oxWe of the above formula in 
*T7 ™ A * to / : exanip,e ' yttnum ' and Me and Mc are both aluminum; yttrium-aluminum garnet of the above formula in 
which M A js yttnum a part of which is replaced by other rare earth elements), and Me and Mc are both aluminum- dys- 
p^um-aluminum garnet of me above formute in which M A is dysprosium, and M B and ifc « both afomimSTe 

in JSTlT th6 !L iS 6Xe "??. ed iron 9amet a"* as yttrium-iron garnet as a complex metal oxide of the above formula 
JT^^ A t jm T 1, ^ Mb and Mc are both iron; gadolinium-iron or dysprosiunviron garnet as a complex metal 
oxxle of the above formula in which M A is gadofinium or dysprosium and M B and Mc are rxTiron; etc. 

may b^eSffieT" 61 * "* " ***** *'* *^a. Ma and Mc consists of at least two metal elements 

. J" me * •nepresent invention, the raw material metal oxide powder is not limited, and the powder produced 
ZZT°S 1 USe °- For &WVp,B - *• ™*> oxWe powder or metal oxide precursor powdw pro- 

nSmTy oTuseT 356 « the metal oxide powder produced by the gas phase method or me solid phie 

1 J'lT 6 f !S: ir,V ^ nti0n - fte materia, metal oxide P 0 ^^ * calcined in the atmosphere gas containing at least 

™ ^t^T 5 ^ ^ at '«* 10 vo.. % of the hydroSnWde based on the wWS 

ume of the atmosphere gas. 

As the hydrogen halide. hydrogen chloride, hydrogen bromide, hydrogen iodide and hydrogen fluoride are used 
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independently of as a mixture of two or more of them. Preferably, hydrogen chloride, hydrogen bromine and hydrogen 
iodide are used. 

As a component of the atmosphere gas other than the hydrogen halide, that is. a diluent gas. nitrogen, inert gas 
such as argon, hydrogen, steam or an air can be used. 
5 A pressure of the atmosphere gas containing the hydrogen halide is not limited, and selected from a pressure 
range which is industrially used. 

It is possible to carry out the calcination in the atmosphere gas containing a component prepared from the molec- 
ular halogen and steam, in place of the hydrogen haJide. 

As the molecular halogen, at least one of molecular chlorine, bromine, iodine and fluorine is used. Preferably, chlo- 
10 rine. bromine and iodine are used. 

The component gas is prepared from at least 1 vol. %. preferably at least 5 vol. %. more preferably at least 10 vol. 
% of the molecular halogen and at least 0.1 vol. %, preferably at least 1 vol. %, more preferably at least 5 vol. % of the 
steam, both based on the whole volume of the atmosphere gas. 

In place of the hydrogen halide. the molecular halogen may be used. The raw material metal oxide powder is cal- 
15 cined in the atmosphere gas containing at least 1 vol. %, preferably at least 5 vol. %. more preferably at least 1 0 vol. % 
of the molecular halogen based on the whole volume of the atmosphere gas. As the molecular halogen, at least one of 
molecular chlorine, bromine and iodine can be used. 

As a component of the atmosphere gas other than the component prepared from the molecular halogen and 
steam, or the molecular halogen, that is, a diluent gas. nitrogen, inert gas such as argon, hydrogen, steam or an air can 
20 be used. 

A pressure in the reaction system is not Gmrted, and freely selected from a pressure range which is industrially 
used. 

A manner for supplying the atmosphere gas is not critical insofar as the atmosphere gas can be supplied to the 
reaction system in which the raw material metal oxide powder is present 
25 A source of each component of the atmosphere gas and a manner for supplying each component are not critical 
either. 

For example, as the source of each component of the atmosphere gas, a gas in a bomb can be used. Alternatively, 
it is possible to prepare the atmosphere gas comprising the hydrogen halide or the molecular halogen using the evap- 
oration or decomposition of a halogen compound such as an ammonium halide, or a halogen-containing polymer such 
so as a vinyl chloride polymer. The atmosphere gas may be prepared by calcining a mixture of the raw material metal oxide 
and the halogen compound or halogen-containing polymer in a calcination furnace. 

The hydrogen halide and the molecular halogen are preferably supplied from the bomb directly in the calcination 
furnace in view of the operability. The atmosphere gas may be supplied in a continuous manner or a batch manner. 
According to the present invention, when the raw material metal oxide powder is calcined in the above atmosphere 
35 gas, the metal oxide grows at a site where the raw material metal oxide powder is present through the reaction between 
the raw material metal oxide powder and the atmosphere gas, so that the metal oxide powder having the narrow particle 
size distribution, but not agglomerated particles, is generated. Accordingly, the desired metal oxide powder can be 
obtained, for example, by simply fining the raw material metal oxide powder in a vessel and calcining it in the atmos- 
phere gas. 

40 As the raw material metal oxide powder to be used in the present invention, any material which is in a powder form 
may be used, and a bulk density of the powder is preferably at least 40 % or less based on a theoretical density. When 
a molded material having the bulk density exceeding 40 % based on the theoretical density is calcined, a sintering reac- 
tion proceeds in the calcination step, whereby grinding is necessitated to obtain the complex metal oxide powder, and 
the metal oxide powder having the narrow particle size distribution may not be obtained in some cases. 

45 A suitable calcination temperature is not necessarily critical since it depends on the kind of the intended complex 
metal oxide, the kinds and concentrations of the hydrogen halide, the molecular halogen and the component prepared 
from the molecular halogen and steam, or the calcination time. It is preferably from 500 to 1 500°C, more preferably from 
600 to 1400°C. When the calcination time is lower than 500°C, it may be difficult to obtain the intended complex metal 
oxide comprising at least two metal elements, and a long time is necessary for calcination. When the calcination tern- 

so perature exceeds 1500°C, many agglomerated particles tend to be contained in the produced complex metal oxide 
powder. 

A suitable calcination time is not necessarily critical since it depends on the kind of the intended complex metal 
oxide, the kinds and concentrations of the hydrogen halide, the molecular halogen and the component prepared from 
the molecular halogen and steam, or the calcination temperature It is preferably at least 1 minute, more preferably at 
55 least 1 0 minutes, and selected from a range in which the intended metal oxide powder is obtained. As the calcination 
temperature is higher, the calcination time is shorter. 

When the raw material metal oxide powder containing the seed crystal is calcined, the calcination temperature can 
be lower and the calcination time can be shorter than those when no seed crystal is used, since the metal oxide grows 
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around the seed crystals as the growing sites. 

The type of a calcination apparatus is not limited, and a so-called calcination furnace may be used. The calcination 
furnace .s preferably made of a material which is not corroded by the hydrogen halide or the halogen, and preferably 
comprises a mechanism for adjusting the atmosphere. 

Since the acidic gas such as the hydrogen halide or the molecular halogen is used, ttie calcination furnace is pref- 
erably an airtight one. In the industrial production, preferably the calcination is earned out continuously, and a tunnel 
furnace, a rotary kiln, or a pusher furnace can be used. 

As a vessel used in the calcination step in which the raw material metal oxide powder is filled, preferably a crucible 
or a boat made of alumina, quartz, acid-resistant brick, graphite, or a noble metal such as platinum is used, since the 
reaction proceeds in the acidic atmosphere. 

When the complex metal oxide powder is produced with the addition of the seed crystal to the raw material powder, 
ttie particle size and the particle size distribution of the complex metal oxide powder as the product can be controlled 
by changing a particle size and an added amount of the seed crystal. For example, when the amount of the seed crystal 
is increased, the particle size of the produced complex metal oxide powder is decreased. When the seed crystal having 
a smaller particle size is used, the particle size of the produced complex metal oxide powder is decreased 

By the above described method, as shown in the attached photographs, the complex metal oxide powder compris- 
ing at least two metal elements which is not agglomerated particles, and has the narrow particle size distribution and 
uniform particle size can be obtained, and the particle size can be controlled. 

Though the complex metal oxide powder may be agglomerated particles or contain agglomerated particles a 
degree of agglomeration is small, and therefore the complex metal oxide powder which contains no agglomerated par- 
tide is easily produced by simple grinding. ^ 

Depending on the raw materials or the production conditions, a by-product or an unreacted raw material oxide may 
remain in addition to the intended complex metal oxide comprising at least two metal elements. In such case, its remain- 
ing amount is very small, and the intended complex metal oxide can be produced by the suitable selection of the reac- 
tion conditions, or separation of the by-product or the unreacted raw material by. for example simple washing 

A number average partide size of the complex metal oxide powder obtained by the method of the present invention 
is not necessarily limited. In general, it is possible to obtain the complex metal oxide powder having the partide size of 
0.1 to 500 (im, preferably 0.1 to 300 pm. 

The complex metal oxide powder obtained by the method of the present invention has. as the partide size distribu- 
tion, a [WD,,, ratio of 10 or less, preferably 5 or less, where D 10 and Dgo are partide sizes at 10 % and 90 % accumu- 
lation. respectively from the smallest partide size side in a cumulative partide size curve of the partides 

When a partide size distribution is measured by a centrifugal sedimentation method or a laser diffraction scattering 
method, the obtained value is a partide size distttution of the agglomerated partides. When the partide size distribu- 
J^lf meth0d fe nanOM *** tne P° wder contains the agglomerated partides. the dispersing is dete- 

T ^ PC * d ! f is not suitable 35 an industiiai ™ ^aerial. In the present invention, as a criterion of 
agglomeration of the powder, a primary partide size is measured, as a number average value, from a scanning electron 
miaoscopic photograph, and the obtained value is compared with an agglomerated partide size, that is. a partide size 
at 50 % accumulation in a cumulative partide size curve of the partides (D^. 

- ^ is ' * e t^e* <* agglomeration is evaluated by a ratio of the agglomerated partide size to the primary partide 
sizej/vhen this ratio equals 1 (one), the powder is in the ideal state containing no agglomerated partide. With the actual 
powder, the ratro exceeds 1 . When this ratio is 6 or less, the powder can be preferably used as the industrial raw mate- 

The complex mete) oxide powder obtained by the method of the present invention has the ratio of the agglomerated 
partide size to the pnmary partide size of. preferably from 1 to 6. more preferably from 1 to 3. most preferably from 1 

Each of the particles of the metal oxide powder of the present invention has a polyhedral form having at least 6 
planes. The number of the planes is usually from 6 to 60. preferably from 6 to 30. 

Concrete examples of the complex metal oxide powder of the present invention will be explained 
The yttriLnrvaJuminum garnet powder of the present invention is a mass of partides constituting the powder and 
characterized lin that their shape and partide size are uniform. The shape is a polyhedral shape having at least 6 
P^e* Depending on me "» ^enal to be used and the calcination conditions, the partides which are close to cubes 
orpartictes have polyhedral shapes having at least 8 planes which are dose to spheres and have the uniform shape 
ana particle size. 

The partide size and partide size distribution of the yttrium-aluminum garnet powder of the present invention are 
in ttie specific ranges. The partide size is controlled in the range between about 1 |im and several hundred urn. This 
control car i be achieved by the selection of the raw material and the calcination conditions of the above described 
method of the present invention. 

As the raw material powder for the production of single crystal, one having a larger partide size is suitable. For this 
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purpose, yttrium-aluminum garnet comprising particles having a particle size of at least 20 >im, more preferably at least 
about 50 pm can be used. That is, the above described method can produce yttrium-aluminum garnet powder having 
a relatively large average particle size suitable for the production of single crystal, in an industrially advantageous proc- 
ess. 

5 According to the present invention, the yttrium-aluminum garnet powder having, as the particle size distribution, the 
D 90 /D 10 ratio of 10 or less, preferably 5 or less is readily produced. Further, the garnet powder having the ratio of the 
agglomerated particle size to the primary particle size of preferably 1 to 3, more preferably 1 to 2 is easily obtained. 

Accordingly, the yttrium-aluminum garnet powder of the present invention is suitable for a fluorescent substance 
properties of which are influenced by the particle size, uniformity and cfispersibflrty of the raw material. 

io The iron garnet powder such as yttrium-iron and gadolinium-iron garnet powder of the present invention is a mass 
of particles constituting the powder, and characterized in that their shape and particle size are uniform. 

The shape is a polyhedral shape having at least 8 planes. Its particle size and particle size distribution are in the 
specific ranges. The particle size is controlled in the range between about 1 jim and several hundred pm. This control 
can be achieved by the selection of the raw material and the calcination conditions of the above described method of 

75 the present invention. 

According to the present invention, the iron garnet powder having, as the particle size distribution, the Dgo/D 10 ratio 
of 10 or less, preferably 5 or less is readily produced. Further, the garnet powder having the ratio of the agglomerated 
particle size to the primary particle size of preferably 1 to 3, more preferably 1 to 2 is easily obtained. 

The solid solution powder of yttrium oxide and zirconium oxide is a mass of particles constituting the powder, and 
20 characterized in that their shape and particle size are uniform. The shape is a polyhedral shape having at least 8 
planes. Its particle size and particle size distribution are in the specific ranges. The particle size is controlled in the 
range between about 0.1 p.m and several ten This control can be achieved by the selection of the raw materia) and 
the calcination conditions of the above described method of the present invention. 

According to the present invention, it is possible to obtain the various complex metal oxide powders each compris- 
es ing at least two metal elements, which are not agglomerated particles but have the narrow particle distribution that can- 
not be hitherto achieved. 

The obtained complex metal oxide powder comprising at least two metal elements is a mass of the uniform poly- 
hedral particles, and can be used in the variety of applications such as the raw materials of the metal oxide base ceram- 
ics which are used as the functional material or the structural material, as the f9ler, abrasive or pigment or the raw 
30 material powder for the production of a single crystal or for flame spray coating. By the selection of the particle size and 
amount of the seed crystal, the complex metal oxide having the above properties and the arbitrarily controlled particle 
size can be obtained. 

Examples 

35 

Hereinafter, the present invention win be explained in detail by examples, which do not limit the scope of the present 
invention in any way. 

The measurements in the examples were carried out as follows: 

40 1. Number average particle size of metal oxide powder 

A scanning electron microscopic photograph of a metal oxide powder was taken using an electron microscope (T- 
300 manufactured by Nippon Electron Co., Kid.). Rom the photograph, 80 to 100 particles were selected and image 
analyzed to calculate an average value of equivalent circle diameters of the particles and the distribution. The equiva- 
45 lent circle diameter is a diameter of a circle having the same area as that of each particle in the pnotograph. 

2. Particle size distribution of metal oxide powder 

The particle size distribution was measured using a master sizer (manufactured by Malvern Instrument, Inc.) or a 
so laser diffraction type particle size distribution analyzer (SALD-1 1 00 manufactured by Shimadzu Corporation). 

The metal oxide powder was dispersed in an aqueous solution of polyammonium acrylate or a 50 wt % aqueous 
solution of glycerol, and particle sizes at 10%, 50% and 90% accumulation, respectively from the smallest particle 
size side in a cumulative particle size curve of the particles were measured as the D 10 , D50 and D90. The D50 was used 
as the agglomerated particle size, and the Dgo/D 10 ratio was calculated as the criterion of the particle size distribution. 

55 

3. Crystal phase of metal oxide powder 

The crystal phase of the metal oxide powder was measured by the X-ray diffraction method (RAD-C manufactured 
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by Rigaku Ca, Ltd.) 

4. BET specific surface area of metal oxide powder 

A BET specific surface area of a metal oxide powder was measured by FLOWSORB-II (manufactured by Micromel- 

5. Analysis of composition of metal oxide powder 

I! , ® me ^? dd .! pwvder fe dissolved in - ** sample, a mixed acid of phosphoric acid/sulfuric acid, and a composi- 
Ssejta ***** iS analyZ6d ^ a " inductively cou P led P* asma apparatus SPS 1200-VR manufactured 

As the hydrogen chloride gas. bomb hydrogen chloride (purity: 99.9 %) supplied by Tsurumi Soda Co. Ltd or a 
decompos.t.on gas of ammonium chloride (WAKO JUNYAKU, Special Grade ChemicaD was used. When the decom- 
positon gas of ammonium chloride was used, sublimation gas of ammonium chloride prepared by heating ammonium 
chloride at a temperature higher than its sublimation point was introduced in the furnace muffle to prepare the atmos- 
phere gaa Arnmonium chloride was completely decomposed at 1 100°C to provide a gas consisting of 33 vol. % of 
hydrogen chloride gas. 1 7 vol. % of nitrogen gas and 50 vol. % of hydrogen gas. 

T * 6 tS"* b ° n * Chl0rine 935 to"'** 1 99 4 % > ^ ^ FuJimoto Industries. Co.. Ltd.) was used 
As the hydrogen bromide gas. a decomposition gas of ammonium bromide (WAKO JUNYAKU Special Grade 
Chemical) was used. Sublimation gas of ammonium bromide prepared by heating ammonium bromide at a temperature 
rugher than its sublimation point was introduced in the furnace muffle to prepare the atmosphere gas. Ammonium bro- 
mide was completely decomposed at 1 100'C to provide a gas consisting of 33 vol. % of hydrogen bromide gas 1 7 vol 
% of nitrogen gas and 50 vol. % of hydrogen gas. 0 ' 

As the hydrogen iodide gas. a decomposition gas of ammonium iodide (WAKO JUNYAKU. Special Grade Chemi- 
T "0 s "1 r ' 935 01 amrnonium iodide Prepared by heating ammonium iodide at a temperature higher 

Mian rtssubnmabon point was introduced in the furnace muffle to prepare the atmosphere gas Ammonium iodide was 

93S ^ % °«riydrogen gas. and 6 vol. % of iodine (I. y which is formed by the decomposition of hydrogen iodide. 

The raw matenal metal oxide power was charged in an alumina or platinum vessel. When the halogen gas was 
used, the powder was charged in the alumina vessel. The depth of the fined powder was 5 mm. 

bv m^I^'S 0 ?^ 8 ^ 1 ^ °" t ina CyBndriCal * Urnace "avinQ a quartz muffle or an alumina muffle (manufactured 
^' " d ) u WithflW,n9 a,rornrtr °9 en Se 8 - *• temperature was raised at a heating rate of from 300-C/hr. 
toSWOhr. . and when the temperature reached an atmosphere gas introduction temperature, the atmosphere gas was 

oi JTl!°^r ,rati0n 0f * 6 atmosphefe a 38 *as adjusted by controlling gas flow rates by flow meters. The flow rate 
**| S^n^pnte? * 3 * *° ^ *** 01 *° atmos f^ e "> *as always 

After the temperature reached the predetermined temperature, the powder was maintained at that temperature for 

a ™SS « -f^ ^T 6 : ^ Wi " ** referred to 88 "r^rttaining temperature" (calcination temperature) and 
maintaining tame (calcination time). 

^fter the predetermined maintaining time, the powder was spontaneously cooled to obtain the intended metal oxide 

The partial pressure of steam was adjusted by the change of saturated steam pressure depending on water tem- 
perature, and the steam was introduced in the furnace with an air or the nitrogen gas. Further details are seen in the 
ciaims. 

Examole 1 

„ ^>^rn«^p^er(Pu% d 99 9 %> and 8 cerrter Pe^ 6 of 0.4 ,im. Manufactured by Nippon Yttrium 
Co.. Ltd.) (3.387 g) and gamma aluminum oxide (AKP-G15 manufactured by Sumitomo Chemical Ca Ltd ) (2 683 a) 
r^t?^"?*^ (WAKO JUNYAKU. Special Grade Chemical) (100 g) and stined for 10 minutes wHh dis- 
perewn by the apphcabonof ultrasonic wave, followed by removal of isopropanol by an evaporator and a vacuum dryer 

s^^ 

Then, the powder was placed in the quarb muffle, and heated from room temperature at a heating rate of 300°C/hr 
wnileflowingtne nitrogen gas at a Dnear velocity of 20 mnVmin. When the temperature reached 400-C. the nitrogen qas 
was changed to an atmosphere gas of 1 00 vol. % hydrogen chloride. With flowing this atmosphere gas at a linear vetoc 



8 



EP0 666 239B1 



ity of 20 mm/min., the powder was calcined at 1100°C for 60 minutes, followed by spontaneous cooling to obtain an 
yttrium-aluminum garnet powder. The weight of the powder in the platinum vessel after calcination was 86 % of that of 
the powder before calcination. 

The obtained powder was the yttrium-aluminum garnet represented by Y3AI^) 12 according to the result of the X- 

5 ray diffraction analysis, and no other peak was observed. According to the observation by the scanning electron micro- 
scope, the yttrium-aluminum garnet oxide consisted of polyhedral particles having at least 8 planes, and had the 
number average particle size of 40 jim. The agglomerated particle size (D50) according to the particle size distribution 
measurement was 52 jim, and the DgQ/D 10 ratio was 2. which indicated the narrow particle size distribution. The ratio 
of the agglomerated particle size to the number average particle size was 1.3. The results are shown in Table 1. An 

10 electron microscopic photograph of the obtained powder is shown in Fig. 1 , the particle size distribution is shown in Fig. 
2, and the X-ray diffraction pattern is shown in Fig. 3. 

Example 2 

15 In the same manner as in Example 1 except that alpha aluminum oxide (AKP-50 manufactured by Sumitomo 
Chemical Co., Ltd.) (2.549 g) was used in place of the gamma aluminum oxide, a mixed powder of yttrium oxide and 
aluminum oxide was obtained. A bulk density of this powder was 1 7 % of the theoretical value. 

Thereafter, in the same manner as in Example 1 , yttrium-aluminum garnet powder was obtained. 

The obtained powder was the yttrium-aluminum garnet represented by Y3AI^) 12 according to the result of the X- 

20 ray diffraction analysis, and no other peak was observed. According to the observation by the scanning electron micro- 
scope, the yttrium-aluminum garnet oxide consisted of polyhedral particles having a cubic shape or a cubic shape with 
corners which were truncated, and had the number average particle size of 38 pm. The agglomerated particle size 
(Dsq) according to the particle size distribution measurement was 47 \im, and the D 90 /D 10 ratio was 3, which indicated 
the narrow particle size distribution. The ratio of the agglomerated particle size to the number average particle size was 

25 1 .2. The results are shown in Table 1 . An electron microscopic photograph of the obtained powder is shown in Fig. 4, 
the particle size distribution is shown in Fig. 5, and the X-ray diffraction pattern is shown in Fig. 6. 

Example 3 

30 In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of chlorine, 10 vd. % 
of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the 
yttrium-aluminum garnet powder was obtained. The results are shown in Table 1 . 

Example 4 

35 

In the same manner as in Example 1 except that an atmosphere gas of 1 00 vol. % of chlorine was used in place of 
the atmosphere gas of 100 vd. % hydrogen chloride, and the calcination temperature was changed to 1150°C, the 
yttrium-aluminum garnet powder was obtained. An electron microscopic photograph of the obtained powder is shown 
in Fig. 7. The results are shewn in Table 1 . 

40 

Examples 

The mixed powder of yttrium oxide and aluminum oxide which was used as the raw material in Example 1 was cal- 
cined at 1200°C for 3 hours to obtain a seed crystal. According to the X-ray diffraction analysis, this seed crystal 
45 showed peaks assigned to YAIO3, Y^Og, Y2O3, AI2Q3. etc. in addition to the peaks assigned to yttrium-aluminum 
garnet represented by Y 3 AI 5 D 12 - 

This seed crystal was added in an amount of 3 wt % to the mixed powder of yttrium oxide and aluminum oxide 
which was used as the raw material in Example 1 to obtain the raw material powder containing the seed crystal. The 
addition manner comprised dispersing the raw material powder and the seed crystal by ultrasonic wave in isopropanol 
so to prepare a slurry and drying the slurry with an evaporator and a vacuum drier. 

In the same manner as in Example 1 except that the above raw material powder containing the seed crystal was 
used, the yttrium-aluminum garnet powder was obtained. 

The obtained powder was the yttrium-aluminum garnet represented by Y 3 AI 5 0 12 according to the X-ray diffraction 
analysis, and no other peak was observed. The results are shown in Table 1. An electron microscopic photograph of 
55 the obtained powder is shown in Fig. 8. 
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Example 6 



TTie mixed powder of yttrium oxide and aluminum oxide which was used as the raw material in Example 1 was cal- 
cined at 1400"C for 3 hours to obtain a seed crystal. According to the X-ray diffraction analysis, this seed crystal 
showed peaks assigned to Y 2 03, Al^, etc. in addition to the peaks assigned to yttrium-aluminum garnet represented 
by i^M^j^- 

In the same manner as in Example 5 except that the above seed crystal was used, the yttrium-aluminum garnet 
powder was obtained. The results are shown in Table 1 . An electron microscopic photograph of the obtained powder is 
shown in Fig. 9. 

Example 7 

An yttrium oxide powder (Manufactured by Nippon Yttrium Co, Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 urn) (3.387 g) and aluminum oxide (AKP-G15. gamma aluminum oxide manufactured by Sumitomo Chemical 
Co., lid. Purity of 99.99 %) (2.952 g) were charged in isopropanol (100 g) and wet mixed, followed by removal of iso- 
propanol to obtain a mixed powder of yttrium oxide and aluminum oxide (A ratio of YM = 3:5.5). This powder was used 
as a raw material powder. 

This powder was charged in a platinum vessel, placed in the quartz muffle, and heated from room temperature at 
a heating rate of 300°C/hr. while flowing the nitrogen gas at a linear velocity of 20 mnVmin. When the temperature 
reached 400«C, the nitrogen gas was changed to an atmosphere gas of 10 vol. % of hydrogen chloride and 90 vol % 
of nitrogen. With this atmosphere gas flowing at a linear velocity of 20 mm/min.. the powder was calcined at 1 1 00»C for 
60 minutes, followed by spontaneous cooling to obtain an yttrium-aluminum garnet powder. The results are shown in 
Table 1 . 

Example 8 

In the same manner as in Example 1 except that the same raw material mixed powder was calcined at 900°C the 
yttrium-aluminum garnet powder was obtained. According to the X-ray diffraction analysis, it was confirmed that the 
obtained powder was a single phase of yttrium-aluminum garnet The results are shown in Table 1 . 

Example 9 

The mixed powder of yttrium oxide and aluminum oxide as used in Example 2 was precaldned at 1200°C in an air 
for 3 hours. According to the X-ray diffraction analysis, the calcined powder showed peaks assigned to YAIO3, Y4AI2O9 
Y2Q3. AfeQa- etc. in adcfition to the peaks assigned to yttrium-aluminum garnet represented by Y 3 AI 5 0 12 

Hie calcined powder contained partly formed yttrium-aluminum garnet, that is, a seed crystal of yttrium-aluminum 
garnet 

In the same manner as in Example 1 except that the above powder was used as the raw material powder the 
yttnum-aluminum garnet powder was obtained. According to the X-ray diffraction analysis, the obtained powder was a 
single phase of the yttrium-aluminum garnet According to the observation by the scanning electron mfcroscope the 
yttrium-aluminum garnet oxide consisted of polyhedral particles having a cubic shape or a cubic shape corners of which 
were truncated. The results are shown in Table 1. 

Example 10 

, ^ e L ra ^ material m Example 7 was filled in the alumina vessel, placed in the quartz muffle, and 

heated at a heating rate of 300»C/hr. When the temperature reached 400-C, a sublimation decornposition gas of ammo- 
?!^°^ de introduced ln and in this decomposition gas atmosphere, the powder was calcined at 

11 00 C for 60 minutes, followed by spontaneous cooling to obtain the yttourrvalurranum garnet powder. The compo- 
nents of the decomposed gas of ammonium bromide at 1100°C were hydrogen bromide gas. nitrogen and hydrogen in 
a volume ratio of 33 : 17 : 50. 

Fig. 8 isthe electron microscopic photograph showing the particle structure of the obtained powder. According to 
the X-ray diffraction analysis, it was confirmed that the powder was a single phase of yttrium-aluminum garnet. The 
results are shown in Table 1. 
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Example 11 

45 

An yttrium oxide powder (Manufactured by Nippon Yttrium Co.. Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 |im) (6.436 g), a terbium oxide powder (Manufactured by Kanto Chemical Co., Ltd. Purity of 99.95 %) (0 561 g) 
and an aluminum oxide powder (AKP-G15, gamma alumina manufactured by Sumitomo Chemical Co., Ltd. Purity 
99.99 %) (5.903 g) were charged in isopropanol (100 g) and wet mixed, followed by removal of isopropanoi to obtain a 
so mixed powder of a raw material mixed powder in which 5 atomic % of yttrium was replaced by terbium. 

In the same manner as in Example 1 except that this raw material mixed powder was used, a terbium-substituted 
yttrium-aluminum garnet powder was obtained. 

According to the X-ray diffraction analysis, ft was confirmed that the obtained powder was a single phase of yttrium- 
aluminum garnet. According to the inductively coupled plasma analysis, ft was confirmed that the produced particles 
55 contained 3.2 atomic % of terbium. The results are shown in Table 2 
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Example 12 

In the same manner as in Example 11 except that a dysprosium oxide powder (Manufactured by Nippon Yttrium 
Co., lid. Purity of 99.99 %) (0.5595 g) was used in place of the terbium oxide powder, the raw material mixed powder 
in which 5 atomic % of yttrium was replaced by dysprosium was prepared. 

In the same manner as in Example 1 except that the above raw material mixed powder was used, the dysprosium- 
replaced yttrium-aluminum garnet was obtained. 

Fig. 1 1 is the electron microscopic photograph showing the structure of the obtained powder. 

According to the X-ray diffraction analysis, it was confirmed that the obtained powder was a single phase of yttrium- 
aluminum garnet According to the inductively coupled plasma analysis, it was confirmed that the produced particles 
contained 4.5 atomic % of dysprosium. The results are shown in Table 2. 

Example 13 

An yttrium oxide powder (Manufactured by Nippon Yttrium Co., Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 \im) (4.968 g) and an aluminum oxide powder (AKP-G15, gamma alumina manufactured by Sumitomo Chemical 
Co., Ltd. Purity 99.99 %) (1 .181 g) were charged in isopropanoi (100 g) and wet mixed, followed by removal of isopro- 
panol to obtain a mixed powder of a raw material mixed powder (Mixed ratio of Y:AI = 3:1 .5). In the same manner as in 
Example 1 except that this raw material mixed powder was used, the raw material powder was calcined. 

The obtained power comprised the polyhedral particles and a by-product. According to the X-ray diffraction analy- 
sis, it was confirmed that the polyhedral particles were yttrium-aluminum garnet, and the by-product was yttrium oxy- 
chloride (YOO). YOCJ was easily removed by washing, and yttrium-aluminum garnet was selected. The results are 
shown in Table 2. 

Example 14 

An yttrium oxide powder (Manufactured by Nippon Yttrium Co., Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 jim) (2.936 g) and an aluminum oxide powder (AKP-G15, gamma alumina manufactured by Sumitomo Chemical 
Co., Ltd. Purity 99.99 %) (3.256 g) were charged in isopropanoi (100 g) and wet mixed, followed by removal of isopro- 
panoi to obtain a mixed powder of yttrium oxide and aluminum oxide (Mixed ratio of Y:AI = 3:7) as a raw material pow- 
der. In the same manner as in Example 1 except that this raw material mixed powder was used, the raw material powder 
was calcined. 

The obtained power comprised the polyhedral particles and particles having relatively small particle sizes. Accord- 
ing to the X-ray diffraction analysis, it was confirmed that the polyhedral particles were yttrium-aluminum garnet and the 
small size particles were CZ-AI2O3. (X-AI2O3 was removed by sieving, and yttrium-aluminum garnet was selected. The 
results are shown in Table 2. 

Example 15 

The raw material powder as used in Example 1 was charged in the platinum vessel, placed in the quartz muffle, 
and heated at a heating rate of 300°C/hr. When the temperature reached 400°C, a sublimation decomposition gas of 
ammonium iodide was introduced in the muffle, and in this decomposition gas atmosphere, the powder was calcined at 
1200°C for 60 minutes, followed by spontaneous cooling to obtain the yttrium-aluminum garnet powder. The compo- 
nents of the decomposed gas of ammonium iodide at 1 200°C were hydrogen iodide gas, iocfine, nitrogen and hydrogen 
in a volume ratio of 25:6:1 6:52. 

According to the X-ray diffraction analysis, it was confirmed that the obtained powder was a single phase of yttrium- 
aluminum garnet The results are shown in Table 2. 

Comparative Examples 1 and 2 

The mixed powder of yttrium oxide and aluminum oxide as used in each of Examples 1 and 2 was calcined in an 
air at 1200°C for 3 hours to obtain the respective oxide powder. 

According to the X-ray diffraction analysis of the oxide powder, the oxide powder showed peaks assigned to YAIO3, 
Y4AI2O9, Y2O3. AI2O3, etc. in addtion to the peaks assigned to yttrium-aluminum garnet represented by Y 3 Al50 12 . 
According to the observation by the scanning electron microscope, no polyhedral particle was formed, and the particles 
had irregular shapes and were in the agglomerated state. 

The powder of Comparative Example 1 had the number average particle size of 0.2 pm. The agglomerated particle 
size (D50) according to the particle size distribution measurement was 4 urn, and the D 9C /D 10 ratio was 15, which indi- 
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cated the broad particle size distribution. A ratio of the agglomerated particle size to the number average particle size 
was 20. 



The results are shown in Table 2. The scanning electron microscopic photograph of the powder obtained in Com- 
parative Example 1 is shown in Fig. 12. The particle size distribution of the powder obtained in Comparative Example 
2 is shown in Fig. 13. 

Comparative Example 3 

The raw material mixed powder as used in Example 1 was calcined in the air at 1400°C. According to the X-ray dif- 
fraction analysis, the obtained powder comprised yttrium-aluminum garnet as the main phase, but YAlOg, a-AfeOg and 
Y 2 03 were observed. The crystal growth was not clear, the particles had irregular shapes and were in the agglomerated 
state, and no yttrium-aluminum garnet having a uniform particle size was formed. The results are shown in Table 2. 

Comparative Example 4 

In the same manner as in Example 6 except that an atmosphere gas of 100 vol. % air was supplied from the room 
temperature in place of the atmosphere gas of 100 vol. % hydrogen chloride, the raw material powder was calcined to 
obtain the oxide powder. 

According to the X-ray diffraction analysis, the obtained powder showed peaks assigned to YAIO3. Y4AI2O9 Y0O3 
AI2Q3, etc. in addition to the peaks assigned to yttrium-aluminum garnet represented by Y 3 AI 5 0 12 . According to the 
observation by the scanning electron microscope, no polyhedral particle was formed, and the particles had irregular 
shapes and were in the agglomerated state. The results are shown in Table 2. 
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45 Example 16 



50 



A dysprosium oxide powder (Purity of 99.99 %. Manufactured by Nippon Yttrium Ccx, Ltd.) and gamma aluminum 
oxide (AKP-G15 manufactured by Surnrtomo Chemical Co., Ltd.) were weighed so that a molar ratio of dysprosium to 
aluminum was 3:5. and mixed in isopropanol (WAKO JUNYAKU. Special Grade Chemical) with dispersing the powders 
by the application of ultrasound, followed by removal of isopropanol by an evaporator and a vacuum dryer to obtain a 
mixed powder of dysprosium oxide and aluminum oxide. This powder was charged in a platinum vessel. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 300°C/hr. 
while flowing the nitrogen gas at a linear velocity of 20 mnvmin. When the temperature reached 400°C. the nitrogen gas 
was changed to an atmosphere gas of 1 00 vol. % hydrogen chloride. With flowing this atmosphere gas at a linear veloc- 
ity of 20 mm/min.. the powder was calcined at 1200°C for 60 minutes, followed by spontaneous cooling to obtain an 
oxide powder. 

The obtained powder was the dysprosium-aluminum garnet represented by Dy 3 AI 5 0 12 according to the X-ray dif- 
fraction analysis, and no other peak was observed. According to the observation by the scanning electron microscope. 
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the dysprosium-aluminum garnet oxide consisted of polyhedral particles having at least 8 planes, and had the number 
average particle size of 44 jim. The agglomerated particle size (Dsq) according to the particle size distribution meas- 
urement was 53 jim, and the D 9C /D 10 ratio was 3, which indicated the narrow particle size distribution. The ratio of the 
agglomerated particle size to the number average particle size was 1 .2. The results are shown in Table 3. An electron 
5 microscopic photograph of the obtained powder is shown in Rg. 14. 

Comparative Example 5 

The mixed powder of dysprosium oxide and aluminum oxide as prepared in Example 16 was calcined in an air at 
w 1 200°C for 3 hours to obtain an oxide powder. 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to AI 2 Dy 4 0 9 , AIDVO3. 
Dy 2 03, AI2O3, etc. were observed, but no peak to be assigned to the dysprosium-aluminum garnet represented by 
Dy 3 Al50 12 was observed. According to the observation by the scanning electron microscope, no polyhedral particle 
was formed, and the particles had irregular shapes and were in the agglomerated state. The results are shown in Table 
is 3. The electron rrucrophotograph of the obtained powder is shown in Rg. 15. 

Hereinafter, Examples and Comparative Examples for yttrium-iron garnet, gadolinium-iron garnet and dysprosium- 
iron garnet will be explained. 

Example 17 

20 

Gamma iron (III) oxide (A BET specific surface area of 34.4 rrfrg) was charged in an alumina crucible and heated 
in an air at a heating rate of 300°C/hr. and at 1000°C for 3 hours to obtain an iron oxide powder. This powder had the 
BET specific surface area of 0.8 rrf/g. 

The above iron oxide and an yttrium oxide powder (Purity of 99.9 %. A center particle size of 0.4 urn. Manufactured 
25 by Nippon Yttrium Co.. Ltd.) were weighed so that the molar ratio of yttrium to iron was 3 : 5. and mixed in isopropanol 
(WAKO JUNYAKU. Special Grade Chemical) with dispersion of the powders by the application of ultrasound, followed 
by removal of isopropanol by an evaporator and a vacuum dryer to obtain a mixed powder of yttrium oxide and iron 
oxide. This powder was filled in a platinum vessel. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 300°C/hr. 
30 while passing the nitrogen gas at a linear velocity of 20 mm/min. When the temperature reached 600°C, the nitrogen 
gas was changed to an atmosphere gas consisting of 1 0 vol. % of hydrogen chloride and 90 vd. % of nitrogen gas. With 
this atmosphere gas flowing at a linear velocity of 20 mm/min., the powder was calcined at 1000°C for 60 minutes, fol- 
lowed by spontaneous cooling to obtain an oxide powder. 

The obtained powder was the yttrium-iron garnet represented by Y 3 F^0 12 according to the X-ray diffraction anal- 
35 ysis, and no other peak was observed. According to the observation by the scanning electron microscope, the yttrium- 
iron garnet powder consisted of polyhedral particles having at least 8 planes, and had the number average particle size 
of 13 urn. The agglomerated particle size (Dsq) according to the particle size distribution measurement was 16 |im, and 
the D9o/D 10 ratio was 2, which indicated the narrow particle size distribution. The ratio of the agglomerated particle size 
to the number average particle size was 1 .2. The results are shown in Table 3. An electron microscopic photograph of 
40 the obtained powder is shown in Rg. 16. 

Comparative Example 6 

The mixed powder of yttrium oxide and iron oxide as prepared in Example 17 was calcined in an air at 1 100°C for 
45 one hour to obtain an oxide powder. 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to Y^ and Fe^ were 
mainly observed, and only small peaks assigned to YFeQ* and Y 3 Fe 5 0 12 were observed. According to the observation 
by the scanning electron microscope, no polyhedral particle was formed, and the particles had irregular shapes and 
were in the agglomerated state. The results are shown in Table 3. The electron rraaophotograph of the obtained powder 
so is shown in Rg. 17. 

Example 18 

Gamma iron (III) oxide (A BET specific surface area of 34.4 rmVg) was charged in an alumina crucible and heated 
55 in an air at a heating rate of 300°C/hr. and at 1 000°C for 3 hours to obtain an iron oxide powder. 

The above iron oxide and a gadolinium oxide powder (Purity of 99.99 %. Manufactured by Nippon Yttrium Co., Ltd.) 
were weighed so that the molar ratio of gadolinium to iron was 3 : 6, and mixed in isopropanol (WAKO JUNYAKU. Spe- 
cial Grade Chemical) with dispersion of the powders by the application of ultrasound, followed by removal of isopropa- 
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nol by an evaporator and a vacuum dryer to obtain a mixed powder of gadolinium oxide and iron oxide. 

"men. this mixed powder was used as the raw material powder and calcined in the same manner as in Example 1 7 
to obtain an oxide powder. 

The obtained powder was the gadoliniunviron garnet represented by GogFe^ according to the X-ray diffraction 
analyse, and no other peak was observed. According to the observation by the scanning electron microscope the 
gadolinium-iron garnet oxide consisted of polyhedral particles having at least 8 planes. The results are shown in Table 
3. An electron microscopic photograph of the obtained powder is shown in Fig. 18. 

Comparative Example 7 

The mixed powder of gadolinium oxide and iron oxide as prepared in Example 18 was calcined in an air at 1200'C 
for 3 hours to obtain an oxide powder. 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to GdFeCv,. GtfeOa and 
Fe 2°3 W6re observed ' but no peak to be assigned to Gd 3 Fe50 12 was observed. According to the observation by the 
scanning electron microscope, no polyhedral particle was formed, and the particles had irregular shapes and were in 
the agglomerated state. The results are shown in Table 3. The electron microphotograph of the obtained powder is 
shown in Fig. 19. 

Example 19 

In the same manner as in Example 1 8 except that a dysprosium oxide powder (Purity of 99.99 %. Manufactured by 
Nippon Yttrium Co., Ltd.) was used in place of the gadolinium oxide powder, the raw material powder was prepared and 
calcined to obtain an oxide powder. k«=h»=u«w 

The obtained powder was the dysprosium-iron garnet represented by Dy 3 Fe50 12 according to of the X-ray diffrac- 
tion analyse, and no other peak was observed. According to the observation by the scanning electron microscope the 
dysprosunviron garnet oxide consisted of polyhedral particles having at least 8 planes. The results are shown in "table 
3. 



The mixed powder of dysprosium oxide and iron oxide as prepared in Example 19 was calcined in an air at 1200°C 
for 3 hours to obtain an oxide powder. 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to DyFeO,. Dy?0, and 
FezQg were observed, but no peak to be assigned to Dy 3 Fe50 12 was observed. According to the observation by the 

t^ZS^S ^ OS ^ P& ' TO P 0 *" 6 * 81 P artide was ft*™* ^ the particles had irregular shapes and were in 
the agglomerated state. The results are shown in Table 3. 

An Example and a Comparative Example for a solid solution powder of yttrium oxide and zirconium oxide will be 
explained. 

Example SO 

Zirconium oxychtoride octahydrate (WAKO JUMYAKU. Special Grade Chemical) (39.2 g) and an aqueous solution 
ot yttnum nitrate (100 g/l in terms of yttrium oxide Purity of 99.9 %. Manufactured by Nippon Yttrium Co Ltd ) (2826 
g) were dissolved in pure water (400 g) to obtain an aqueous solution of the yttrium sail and the zirconium salt To an 
aqueous ammonia (25 wt. %. WAKO JUMYAKU. Special Grade Chemical) (500 ml) in a 2 liter beaker, the above aque- 
ous solution of the yttnum salt and the zirconium salt was added over 2 hours while stirring to neutralize the salts and 
COpre T^ em '-!l! e Pf8Cipftate ,Utered tt™*" a ™« Paper and washed with pure water, followed by drying in 
vacuoat 1 00*C to obtain a precursor of a solid solution of yttrium oxide and zirconium oxide. When the precursor was 
calcined, an aade solid solution consisting of 92 mot % of zirconium oxide and 8 mol % of yttrium oxide was formed 

This precursor powder was charged in a platinum vessel. The bulk density of this powder was 1 5 % of the theoret- 
ical value. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 300°C/hr 
while passing air at a linear velocity of 20 mnVmin. When the temperature reached WC, the nitrogen gas was 
changed to an atmosphere gas of 100 vol. % hydrogen chloride. Wrth flowing this almosphere gas at a linear velocity 
of 20 mnVnun.. the powder was calcined at 1200°C for 60 minutes, followed by spontaneous cooling to obtain a solid 
solution powder of yttrium oxide and zirconium oxide. 

According to the observation by the scanning electron microscope, the solid solution powder of yttrium oxide and 
zirconium ox.de consisted of polyhedral partides having at least 8 planes. The results are shown in Table 3. An electron 



18 



EP0666 239B1 



microscopic photograph of the obtained powder is shown in Fig. 20. 
Comparative Example 9 

5 The precursor powder of solid solution of yttrium oxide and zirconium oxide as prepared in Example 20 was cal- 
cined in an air at 1200°C for one hour to obtain a solid solution powder of yttrium oxide and zirconium oxide. 

According to the observation by the scanning electron microscope, no polyhedral particle was famed, and the par- 
ticles had irregular shapes and were in the agglomerated state, "me results are shown in Table 3. The electron micro- 
photograph of the obtained powder is shown in Fig. 21 . 
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45 Claims 

1 . A complex metal oxide powder comprising at least two metal elements, which comprises polyhedral particles each 
having at least 6 planes, a number average particle size of from 0.1 to 500 |im, and a D 90 /D 10 ratio of 10 or less 
where D 10 and are particle sizes at 10 % and 90 % accumulation, respectively from the smallest particle size 

so side in a cumulative particle size curve of the particles. 

2. The complex metal oxide power according to claim 1 , wherein said number average particle size is from 0.1 to 300 
urn, and said Dgo/D^ ratio is 5 or less. 

55 3. The complex metal oxide power according to claim 2, wherein a ratio of an agglomerated particle size to a primary 
particle size is from 1 to 6. 

4. The complex metal oxide power according to claim 3, wherein a ratio of an agglomerated particle size to a primary 
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particle size is from 1 to 3. 



5. The complex metal oxide power according to claim 3, wherein said number average particle size is from 20 to 300 
|im 



6. The complex metal oxide power according to any one of claims 1 to 5, wherein said at least two metals are a com- 
bination of metals excluding a combination of alkali metals only. 

7. The complex metal oxide power according to any one of claims 1 to 5, which is a solid solution powder of metal 
oxides. 

8. The complex metal oxide power according to claim 6, which is a complex metal oxide powder having a garnet struc- 
ture represented by the formula: 

(Ma)3(Mb)2I(Mc)04]3 (I) 

wherein M A . M B and Mq are the same or different and each represent at least one metal element, provided that all 
of M A , M B and Mq are not the same metal element 

9. The complex metal oxide powder according to claim 8, wherein M A is at least one element selected from the group 
consisting of copper, magnesium, calcium, rare earth elements, bismuth and manganese, and M B and Mq are the 
same or different and each at least one element selected from the group consisting of zinc, scandium, aluminum 
gallium, indium, titanium, zirconium, silicon, germanium, tin. vanadium, chromium, manganese, iron, cobalt and 
nickel. 

10. The complex metal oxide powder according to claim 9, wherein M A is a rare earth element, and M R and M r are 
both aluminum. u 

11. The complex metal oxide powder according to claim 9, wherein M A is dysprosium, and M B and Mq are both alumi- 
num. 

12. The complex metal oxide powder according to claim 9, wherein M A is a rare earth element, and M B and M r are 
both iron. ^ 

13. The complex metal oxide powder according to claim 12, wherein M A is yttrium. 

14. The complex metal oxide powder accorcfing to claim 12, wherein M A is gadolinium. 

1 5. The complex metal oxide powder accorcfing to claim 1 2. wherein M A is dysprosium. 

16. The complex metal oxide powder according to claim 7, wherein said solid solution is a solid solution of zirconium 
oxide and yttrium oxide. 

17. An yttriunvaruminum garnet powder comprising polyhedral particles each having at least 6 planes, and havinq an 
average particle size of 20 to 500 |im. 

18. The yttrium-aluminum garnet powder according to claim 17. which has a particle size distribution represented by a 
Dgo/Du ratio of 10 or less where D 10 and are particle sizes at 10 % and 90 % accumulation, respectively from 
the smallest particle size side in a cumulative particle size curve of particles constituting said yttrium-aluminum gar- 
net powder. 

19. The yttriurn-aluminum garnet powder according to claim 17 or 18. wherein a part of yttrium elements are replaced 
by at least one metal selected from rare earth elements, chromium, cobalt and nickel. 

20. An yttrium-aluminum garnet powder comprising polyhedral particles each having at least 6 planes, which is pre- 
pared by calcining yttrium oxide and/or a yttrium oxide precursor which generates yttrium oxide by heating and alu- 
minum oxide and/or an aluminum oxide precursor which generates aluminum oxide by heating, in an atmosphere 
containing at least one gas selected from the group consisting of: 
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(1) a hydrogen halide, 

(2) a component prepared from a molecular halogen and steam and 

(3) a molecular halogen. 

5 21 . The yttrium-aluminum garnet powder according to claim 20, wherein a part of yttrium elements are replaced by at 
least one metal selected from rare earth elements, chromium, cobalt and nickel. 

22. The yttrium-aluminum garnet powder according to claim 20, wherein said atmosphere gas contains at least 1 vol. 
% of said hydrogen halide. or at least 1 vol. % of said molecular halogen, or said component gas prepared from at 

io least 1 vol. % of said molecular halogen and at least 0.1 % of steam. 

23. The yttrium-aluminum garnet powder according to claim 20, wherein said hydrogen halide (1) is hydrogen chloride 
or hydrogen bromide, and said molecular halogen in (2) or (3) is chlorine or bromine. 

is 24. A method for producing a complex metal oxide powder comprising at least two metal elements, which method com- 
prises calcining a mixture of at least two metal oxide powders and/or metal oxide precursor powders, or a metal 
oxide precursor powder comprising at least two metal elements in an atmosphere containing at least one gas 
selected from the group consisting of: 

20 (1) a hydrogen halide, 

(2) a component prepared from a molecular halogen and steam and 

(3) a molecular halogen. 
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25. The method according to claim 24, wherein a gas contained in said atmosphere gas is a hydrogen halide. 

26. The method according to claim 25, wherein said hydrogen halide is hydrogen chloride, hydrogen bromide or hydro- 
gen iodide. 

27. The method according to claim 25, wherein a concentration of said hydrogen halide in said atmosphere gas is at 
30 least 1 vol. %. 

28. The method according to claim 24, wherein a gas contained in said atmosphere gas is said component prepared 
from a molecular halogen and steam. 

35 29. The method according to claim 28, wherein said molecular halogen is chlorine, bromine or iodine. 

30. The method according to claim 28, wherein said component prepared from a molecular halogen and steam is a 
component prepared from at least 1 vol. % of said molecular halogen and at least 0.1 vol. % of steam, both based 
on said atmosphere gas. 

40 

31 . The method according to claim 24, wherein a gas contained in said atmosphere gas is a molecular halogen, said 
molecular halogen is chlorine, bromine or iodine, and a concentration of said molecular halogen in said atmosphere 
gas is at least 1 vol. %. 

45 32. The method according to claim 24, wherein a bulk density of said mixture of at least two metal oxide powders 
and/or metal oxide precursor powders, or said metal oxide precursor powder comprising at least two metal ele- 
ments is 40 % or less of a theoretical density. 

33. The method according to clam 24, wherein said complex metal oxide powder is obtained at a site where said mix- 
so ture of at least two metal oxide powders and/or metal oxide precursor powders, or said metal oxide precursor pow- 
der comprising at least two metal elements is present 

34. The method according to claim 24, wherein said at least two metals are a combination of metals excluding a com- 
bination of alkali metals only. 



55 



35. The method according to claim 24, wherein said complex metal oxide powder is a solid solution powder of metal 



23 



EP 0666 239 B1 

m. arcon.um, sihcon. germanium, tin. vanadium, chromium, manganese, iron, cobaft and nirtKl. 
38. The method according to claim 37. wherein M A is yttrium, and M B and Mq are both aluminum. 

40. The method according to Cairn 39. wherein said other rare earth element is terbium or dysprosium. 
4t . The method according to claim 37. wherein M A is dysprosium, and M B and Mq are both aluminum 

42. The method accord^ to Cairn 37. wherein M A is a rare earth element and M B and ^ are both iron. 

43. The method according to claim 42. wherein sakt rare earth element is yttrium, gadolinium or dysprosium. 

44. The method accord™, to Cairn 35. wherein said solid solution is a sol* sdutton o, zirco^m code and yttrium 

45 " ^^"^ 10 ^ °" e 01 *** 24 to ^ «**■»» fe - * «* Presence o, a 
46. T£metr,od accord^ 

Patentanspruche 

1 - i P ew^s^S « ^ llOXi ^ T*""* Wen, ' 9StenS 2 El ^e. das poryedrische Teitehen mit 

2 - ^;rdatc:~r 

1 P^efTetSr^;^ 5 ^ ^ ^. wobe," das Verhatnis ™ aggiomeri^ Te^engrOBe zu 
5. tomptaen Metal^s nach Anspruch 3. wobei das Zahlenmitte. der TefchengrOBe 20 bis 300 p» 

7. Puh,er eines komplexen Metalbxtfs nach einem der AnsprOche 1 bis 5. das e« Puhrer ener festen LOsung von 
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Metaltoxkten ist 

8. Pulver eines komplexen Metalloxids nach Anspruch 6, das ein Pulver eines komplexen Metalloxids mit Granatstruk- 
tur der Formel: 

5 

(Ma) 3 (Mb)2I(Mc)0413 (0 

ist, in der M A> M B und Mo gleich Oder verschieden sind und jeweils fur ein metallisches Element slehen, mrt der 
MaSgabe. daB nicht alle M A , M B und Mq das selbe metallische Element sind. 

10 

9. Pulver eines komplexen Metalloxids nach Anspruch 8, wobei M A wenigstens ein Element der Gruppe Kupfer, 
Magnesium, Calcium, Seltenerdeiemente, Bismut und Mangan ist, und M B und M c gleich oder verschieden sind 
und jeweils wenigstens ein Element a us der Gruppe Zink, Scandium, Aluminium, Gallium, Indium, Titan, Zirkon, 
Silizium, Germanium, Zinn, Vanadium, Chrom, Mangan, Eisen, Kbbalt und Nickel sind. 

15 

10. Pulver eines komplexen Metalloxids nach Anspruch 9, wobei M A ein Settenerdelement ist und M B und Mc beide fur 
Aluminium stehen. 

11. Pulver eines komplexen Metalloxids nach Anspruch 9, wobei M A fur Dysprosium stent und M B und Mc beide fur 
20 Aluminium stehen. 

1 2. Pulver eines komplexen Metalloxids nach Anspruch 9, wobei M A ein Seltenerdelement ist und M B und Mc beide fur 
Eisen stehen. 

25 13. Pulver eines komplexen Metalloxids nach Anspruch 12, wobei M A fur Yttrium stent 

14. Pulver eines komplexen Metalloxids nach Anspruch 12, wobei M A fur Gadolinium stent 

15. Pulver eines komplexen Metalloxids nach Anspruch 12, wobei M A fur Dysprosium stent. 

30 

16. Pulver eines komplexen Metalloxids nach Anspruch 7, wobei die teste Losung eine teste Losung von Zirkonoxid 
urid Yttriumoxid ist 

17. Yttrium-AlurniniurrhGranatpulver, umfassend polyedrische Teilchen mit jeweils wenigstens 6 Rachen und einer 
35 rrrittleren TeilchengrOBe von 20 bis 500 (im. 

18. YttriurrhAlurniniurrKSranatpulver nach Anspruch 17, das eine TeilchengrOBenverteilung aufweist, die durch ein 
Dgo/DjQ-Verhaltnis von 1 0 Oder weniger wiedergegeben wird, wobei D 10 bzw. D^ die TeilchengroBen bei 10% bzw. 
90% Akkumulation von der Seite der Weinsten TeilchengroBe her in einer kumulatrven TeilchengrOBenkurve der 

40 Teilchen sind. aus denen das Yttriurn-Aluminium-Granatpulver besteht 

19. Yttrium-Alurninium^aranatpulver nach Anspruch 17 oder 18. wobei ein Tefl der Yttriumelemente durch wenigstens 
ein MetaH. gewahlt aus Seltenerdelementen, Chrom. Kbbalt und Nickel, ersetzt ist 

45 20. YttriunrhAJurrunium-Granatputver, umfassend polyedrische Teilchen mit jeweils wenigstens 6 Rachen, das herge- 
stelrt wird, indem Yttriumoxid und/oder eine Yttriumoxtivorstufe, die beim Erhitzen Yttriumoxid erzeugt und Alumi- 
niumoxid und/oder eine Aluniniunwxklvorstufe, die beim Erhitzen Aluminiumoxid erzeugt, in einer Atmosphare, die 
wenigstens ein Gas, gewahlt aus der Gruppe 

so (1) Halogenwasserstoff 

(2) Bestandteil, hergestellt aus moiekularem Halogen und Wasserdampf , und 

(3) moiekularem Halogen, 
errthalt, gebranntwird. 

55 21. Yttriurn-AlurniniurrvOranatpulver nach Anspruch 20, wobei ein Teil der Yttriumelemente durch wenigstens ein 
Metall, gewahlt aus Seltenerdelementen, Chrom, Kbbalt und Nickel, ersetzt ist. 

22. YttriurrvAlurrriniurrvGranatpUver nach Anspruch 20, wobei das Atmospharengas wenigstens 1 VbL% Halogenwas- 
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vnlfl^l 1 "^ekulares Halogen Oder den Gasbestandteil. hergeste.lt aus wenigstens 1 

Vol.% molekularem Halogen und wenigstens 0.1 Vol.% Wasserdampf, enthalt ^ 

23 * ^^^S^T 20> WOb6i d6r Halogenwasserstoff (1) Ch.orwasserstoft oder 

womwasserstoff ist. und das molekulare Halogen in (2) oder (3) Chlor oder Brom ist. 

24 ' d^v!r hr i neS lt e ^ *" k ° mplexen Metalloxids - ^ssend wenigstens 2 metallische Ele- 

^ ""*8t: Brennen eines Gerrischs aus wenigstens 2 Metalloxidpulvern und/oder 
^^STI ^ aneS M ^ Qxid ^^ers. umfassend wenigstens 2 meXche Elemente. 
in emer Atmosphflre. die wenigstens em Gas. gewahlt aus der Gruppe 

(1) Halogenwasserstoff 

(2) Bestandteil. hergestellt aus molekularem Halogen und Wasserdampf und 

(3) molekularem Halogen, 
enthalt. 

25. Verfahren nach Anspruch 24. wobei das im Atmospharengas enthaltene Gas ein Halogenwasserstoff ist 

26 ' 23ST ^ AnSPrU ° h 25 * ^ ^ ^^^erstoff Chforwasserstoff. Bmmwassenstoff oder lodwasser- 

" V^b^ * "** ^ K0nzentrat0 " des Hatogenwasserstoffs im Atmospharengas wenigstens 1 

M - W^^^g^^^ 

29. Verfahren nach Anspruch 28. wobei das molekulare Halogen Chlor, Brom oder lod ist. 

M - au^eT^^frS^^ir Ha,0 * n ^ <l* hergesteUte Bestandteil ein 

SS^^c^^SSCS' 1 W8n,BStenS ^ V0,%Wa -^^-«e.Ker Bestandteil 

w^^TS^T ^ ^ * ^ m0 ' eku,aren - A.nospharengas 

M - M^^S^Tf ^ des Qemischs aus wenigstens 2 Metalloxidpulvern und/oder 

^toodvorstifenpufvern oder des Metaltoxidvorstufenpufvers. umfassend wenigstens 2 meSsche Elemente 
40% oder weruger der theoretischen Dichte betragt ciememe. 

™^T^ wenigstens 2 Metaltoxripulvem und/oder Metalloxktvorstufenpulvern oder das MetalloxioVorstufen- 
pufver, umfassend wenigstens 2 metallische Bemente, vorliegt weiairawavoretuten- 

34. Verfahren nach Anspruch 24, wcbei die wenigstens 2 Metalle eine Kombination von Metallen sind beiderdtaKhm 
bmation von lediglich Alkalimetallen ausgeschlossen ist nD *™ na » on ™ Metallen and . "» derdle ^ om " 

* MeSSS AnSP ^ ^ ^ ^ ^ ^ kDmp,eXen Meta ' toxids «" P ^ einer fasten LOsung von 

M ' ^T^rnT^ * ^ *" MetanOXid * ^ *" torrplexen Metelloxids "* G™*- 

(MaJsCMbJzKMcJOA ( , } 

ab^i.^*!? ^JT!**S? jweib * * metallisches Element stehen. mit der 

NiaBgabe. daB nicht alle M A . M B und Mq das sefce metallische Bement sind. 
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37. Verfahren nach Anspruch 36, wobei M A wenigstens ein Element der Gruppe Kupfer, Magnesium, Calcium, Sel- 
tenerdelemente, Bismut und Mangan ist, und M B und Mc gleich Oder verschieden sind und jeweils wenigstens ein 
Element aus der Gruppe Zink, Scandium, Aluminium, Gallium, Indium, Titan, Zirkon, Silizium, Germanium, Zinn, 
Vanadium, Chrom, Mangan, Eisen, KobaK und Nickel sind. 

5 

38. Verfahren nach Anspruch 37, wobei M A fur Yttrium steht und M B und Mc beide fflr Aluminium stehen. 

39. Verfahren nach Anspruch 37. wobei M A fur Yttrium, wcvon ein Teil durch ein weiteres Seltenerdelement ersetzt tst, 
steht und M 0 und M c beide fur Aluminium stehen. 

w 

40. Verfahren nach Anspruch 39, wobei das weitere Seltenerdelement Terbium oder Dysprosium ist. 

41 . Verfahren nach Anspruch 37, wobei M A fur Dysprosium steht und M B und M c beide fur Aluminium stehen. 

is 42. Verfahren nach Anspruch 37, wobei M A fflr ein Seltenerdelement steht und M B und Mc beide fur Eisen stehen. 

43. Verfahren nach Anspruch 42, wobei das Seltenerdelement Yttrium, Gadolinium oder Dysprosium ist. 

44. Verfahren nach Anspruch 35, wobei die teste LOsung eine teste LOsung von Zirkonoxid und Yttriumoxrd ist 

20 

45. Verfahren nach einem der Anspruche 24 bis 44, wobei das Bremen in Gegenwart eines Impfkristalls durchgefuhrt 
wird. 

46. Verfahren nach Anspruch 45, wobei (fie Schuttdichte des Impfkristalls 40% oder weniger der theoretischen Dichte 
25 betrdgt. 

Revendications 

1 . Poudre d'oxyde metallique complexe comprenant au moins deux elements metalliques. qui comprend des particu- 
30 les potyedriques ayant chacune au moins 6 plans, une granulomere moyenne en nombre de 0,1 k 500 \im, et un 

rapport Dgo/D 10 de 10 ou moins, D 10 et Dgo etant les granulomeres a une accumulation de 10 % et 90 %, respec- 
trvement deputs le cdte de granulometrie la plus faible dans une courbe granulometrique cumulee des particules. 

2. Poudre cfaxyde metallique complexe seJon la revendication 1, caracterisee en ce que lacGte granulometrie 
35 moyenne en nombre est de 0.1 d 300 (uri, et lecfit rapport Dgo/D 10 est 5 ou moins. 

3. Poudre d'oxyde metallique complexe selon la revendication 2, caracterisee en ce que le rapport d'une granulome- 
trie cumulee k une granulometrie primaire est de 1 a 6. 

40 4. Poudre d'oxyde metallique complexe selon la revendication 3, caracterisee en ce que le rapport d'une granulome- 
trie cumulee a une granulometrie primaire est de 1 a 3. 

5. Poudre d'oxyde metallique complexe selon la revendication 3, caracterisee en ce que ladrte granulometrie 
moyenne en nombre est de 20 a 300 |im. 

45 

6. Poudre d'oxyde metaflque complexe selon rune des revendications 1 a 5. caracterisee en ce qu'au moins lesd'rts 
deux metaux sont une combinaison de metaux a I'exdusion cf une combinaison de metaux alcalins seute. 

7. Poudre d'oxyde metaDique complexe selon I'une des revendications 1 a 5, caracterisee en ce qu'elle est une pou- 
50 dre en solution solide d'oxydes metalliques. 

8. Poudre d'oxyde metallique complexe selon la revendication 6, caracterisee en ce qu'elle est une poudre d'oxyde 
metallique complexe ayant une structure grenat representee par la for mule: 

55 (MAhtMoJaKMcJOJa (0 

dans laquelle M A , M B et Mc sont semblables ou diff erents et represent ent chacun au moins un element metallique, 
a condition que tous les M A , M B et Mc ne soient pas le meme element metallique. 
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9 - Z'S^'wir'r 6 56,00 ! 3 revendfcation «• en ce que M A est au mens un element 

2S£ « K£2X£2T* ' e ™£ n6SiUm ' ' e Cateium - leS terre rare, le bismuth et le 

SS T^*** ° U d,f,6rentS 61 ChaCU " ^ rtaum «ns element choisi dans le groups 

11 ' ^ r6 sc^^£S^ 

* ^SX m r,^S^r ,a -^ 9 --^-ce qU eM A es«un 6 ,men, d eter re 

1 3. Poudre cfoxyde metallique conplexe selon la revendication 12. caracterisee en ce que M A est (yttrium. 

14. Poudre (foxyde metallique complexe selon la revendication 12. caracterisee en ce que M A est le gadolinium. 

15. Poudre cfoocyde metallique complexe selon la revendication 1 2. caracterisee en ce que M A est le dysprosium. 

16 " ^ re metei^ complexe selon la revendication 7. caracterisee en ce que ladite solution sonde est una 
sotobon solide cfoxyde de zirconium et d'oxyde cfyttrium. e«uneso.uiion some est une 

r^l* Srenat dVttrium-aluminium. comprenant des particules polyedriques ayant chacune au moins 6 olans 
et ayant une granulometrie moyenne de 20 a 500 |im. ««cune au moins t> plans. 

18 - P ™*™*° Srenat rf^um-aJuminium selon la revendication 17. caracterisee en ce qu'elle a une distribution ara- 
nttor^nque representee par le rapport tWD 10 ^a. a 10 ou moins. D 10 et D* etanTd* ^g^Sri^Tlu % 

tnque cumulee des particules constituant ladite poudre de grenat dyttriurn-atominium . 9 

19 " P °"* ede 9renat tfyttrium-aluminium selon la revendication 17 ou 18, caracterisee en ce qu'une oarte des Se- 
^d^umson.renp.ace.paraumc^unm^^ 

20. Poudre degrenat cfyttrium-aluminium comprenant des particules polyedriques ayant chacune au moins 6 olans. 
qui est prepare par calcination doxyde dyttrium et/ou un prec*rseur doxyde dSiTq^ ^^ de 
dVttnum par chauHage. et cfoxyde cfaluminium et/ou un precursor tfoxy^alunlium Z eZSe de Se 
d alum.n.m par chauffage. dans une atmosphere contenant au menns un gaz choisi dansteg^Sl £f 

(1) un hatogenure dliydrogene, 

(2) un compose prepare a partir dtralogene moleculaire et de vapeur et 

(3) un hatogene moleculaire. 

^fJ^ e ?l^ m ^ Um ' niUm Seto " te r «endfcation 20. caracterisee en ce qu'une parte des elements 
dyjtraim sont rempiaces par au mexns un metal choisi parmi les elements de terre rare, le c*S TJt^t 

22 - ™'* d ? 9fenat ^'"^uminium selon b revendication 20. caracterisee en ce que ladite atmosphere de gaz 
content au moins 1 % en volume dudit hatogenure cfhydrogene, ou au moins 1 % en volume dudiSne 

d^r^*^^ 
2X f^enat tfytlriun^aluminium selon la revendication 20. caracterisee en ce que le* hatogenure cfhvdro- 
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24. Procede de preparation d'une poudre d'oxyde metallique complexe comprenant au moins deux elements metalli- 
ques, ledit proced6 comprenant la calcination d'un melange d'au moins deux poudres cfoxydes metalliques et/ou 
des precurseurs en poudre d'oxydes metalliques, ou un precurseur en poudre d'oxydes metalliques comprenant 
au moins deux elements metalliques dans une atmosphere contenant au moins un gaz choisi dans le groupe forme 

s par: 

(1) un halogenure dtiydrogene, 

(2) un compose prepare a partir d*halogene moleculaire et de vapeur et 

(3) un halogene moleculaire. 

10 

25. Precede selon la revendication 24, caracteris6 en ce que le gaz contenu dans ladrte atmosphere de gaz est un 
halogenure dtrydrogene. 

26. Procede selon la revendication 25, caracterise en ce que ledit halogenure dTiydrogene est le chiorure dtiydrogene, 
is le bromure cThydrogene ou Hodure dTiydrogene. 

27. Procede selon la revendication 25, caracterise en ce que la concentration dixit halogenure dTiydrogene dans 
ladrte atmosphere de gaz est au moins 1 % en volume. 

20 28. Procede selon la revendication 24, caracterise en ce que le gaz contenu dans ladrte atmosphere de gaz est ledit 
compose prepare a partir dtialogene moleculaire et de vapeur. 

29. Procede selon la revendication 28, caracterise en ce que ledit halogene moleculaire est le chlore, le brome ou 
liode. 

25 

30. Precede selon la revendication 28, caracterise en ce que ledit compose prepare a partir d'halogene moleculaire et 
de vapeur est un compose prepare a partir d'au moins 1 % en volume ducfit halogene moleculaire et d'au moins 
0,1 % en volume de vapeur, tous deux par rapport a ladrte atmosphere de gaz. 

30 31 . Procede selon la revendication 24, caracteris6 en ce que le gaz contenu dans ladrte atmosphere de gaz est un 
halogene moleculaire. ledit halogene moleculaire etant le chlore, le brome ou node, et la concentration dudit 
halogene moleculaire dans ladrte atmosphere de gaz etant d'au moins 1 % en volume. 

32. Procede selon la revendication 24, caracterise en ce que la masse volumique apparente dudit melange d'au moins 
35 deux poudres d'oxydes metalliques et/ou des precurseurs en poudre d'oxydes metalliques, ou dudit precurseur en 

poudre d'oxydes metalliques comprenant au moins deux elements metalliques est egale a 40 % ou moins de la 
masse volumique theorique. 

33. Procede selon la revendication 24, caracterise en ce que ladrte poudre d'oxyde metallique complexe est obtenue 
40 a un endrort ou est present ledit melange d'au moins deux poudres d'oxydes metal Dques et/ou des precurseurs en 

poudre d'oxydes metalliques, ou ledit precurseur en poudre cfoxydes metalliques comprenant au moins deux ele- 
ments metalliques. 

34. Procede selon la revendication 24, caracterise en ce qu'au moins lesdits deux metaux sort une combinaison de 
45 metaux excJuant une combinaison de metaux alcalins seuls 

35. Procede selon la revendication 24, caracterise en ce que ladrte poudre d'oxyde metallique complexe est une pou- 
dre en solution solide d'oxydes metalliques. 

so 36. Procede selon la revendication 34, caracterise en ce que ladrte poudre d'oxyde metallique complexe est une pou- 
dre d'oxyde metallique complexe ayartt une structure grenat representee par la for mule: 

(Ma)3(Mb)2KMc)04]3 (I) 

55 dans laquelle M A , M B et Mc sort semHabJes ou cfiff erents et represent ent chacun au moins un element metallique, 
a condition que tous les M A , M B et Mq ne soient pas le meme element metallique. 

37. Procede selon la revendication 36, caracterise en ce que M A est au moins un element choisi dans le groupe forme 
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5 

38. Precede selon la revendication 37. caracterise en ce que M A est .yttrium et M B et Mq sont tous deux MumHunL 

39 - r u ^t^TJ a i rWendiCa,i0n 37 ' CaraCt6ris6 *" <* que m a est .Yttrium dorrt une parte est remptecee par un 
w autre element de terre ra/e, et Vfe et Mc sont tous deux .'aluminium rempracee par un 

40 ' ££I ^ ^ reVentfrcati0n * « «• *• autre element de terre rare est le terbium ou .e dys- 

„ ^ selon la revendication 37. caracterise en ce que M A est le dysprosium, et M B et M c sont tous deux Palu- 

42 " d^elef" 13 rWendiCati0n 37 ' CarW ^ -cequeM.estuneJ.mentde terre rare, et M B et Mc sont tous 
" * £££££ 13 re/6ndiCa,i0n 42 " Ce de - es, .'yttrium. ,e gadofinium ou 

25 
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